Due to the great deal of attention given to patient's security, it is necessary to reduce non-conformities in pre-analytical phase, so the laboratories of medical bacteriology that can ensure the quality of examination results can contribute to diagnosis and prescription of treatment and patient safety. It is important that these laboratories collect and exploit statistics of the non-conformities rates which occur during pre-analytical phase in order to implement improvement plans. This study was done in a period of 10 months in a laboratory of bacteriology in a university hospital center. It aims to control the nonconformity rates of the biological samples found, show their nature and causes and to assess their criticality. Results obtained showed that overall rate of non-conformities identified in the year 2012 were 2.5% (310 samples from 12 398). 61% of the recorded errors concerned both the identification of biological samples and patient's identity. 29% was on conveyance and 10% on the quality and quantity of samples. The setting up of the corrective and preventive actions plan was done by the application of Pareto law. The adoption of the Failure Mode, Effects and Criticality Analysis (FMECA) approach was meant for the risks analysis linked to these dysfunctions at pre-analytic phase. Anomalies of heterogeneity during this pre-analytic phase of the studied laboratory suggest the requirement of more rigorous methodology and exploitation of the projected indicators with suitable technologies to assess non-conformity and to follow quality improvements. Finally, to improve exams quality in laboratories, an organization and a quality action plan are proposed to ensure the management and control of the nonconformities occurring during the pre-analytic phase.
INTRODUCTION
Guide to the Correct Execution of Biomedical Analysis (GBEA) and ISO15189 standard impose a number of obligations to biologists during the exercise of their profession. From a regulatory point of view, these quality standards require that medical bacteriology laboratories (MBL) implement a policy and a management procedure *Corresponding author. E-mail: youssef_qmss@hotmail.fr. Tel: (00 212) 6 61 47 67 99.
to control non-conformities according to their quality management system (GBEA, 1999; ISO 15189, 2003) .
Nowadays, the importance of the awareness of errors in MBL practices and their potential negative impact on patient outcomes increase as the data analysis are directly involved in the vast majority of diagnosis and medical treatments (Forsman, 1996) . GBEA defines these analyses as a set of successive steps, from sampling of the biological sample to delivery of results. The quality of pre-analytical and analytical phases and results validation determine the final quality of the overall result. In medical bacteriology, the general approach of the pre-analytical phase includes several steps, among which the sequence and coordination must be flawless. The choice of samples, methods of collection, conveyance and storage must be of high quality. Otherwise, test result may have no clinical utility (Cheminel et al., 2000; Rémic, 2010) .
Several classes of non-conformities exist. Their management should be a procedure that describes the rules of registration and treatment (Rogowski and Annaix, 2010) . The compliance of biological samples is always the subject of special attention for the professionals of biology. In fact, it determines the reliability of the analytical phase to be followed (Ovaguimian, 2004 ). This step is essential for a quality analysis, since non-compliance in the biological sample may affect results (Astion et al., 2003; Plebani and Carraro, 1997; Rousset, 2004) . Recent studies show that in 32 to 75% of cases, the causes of errors of results are due to failures in this phase (Bonini et al., 2002; Hawkins, 2012; Plebani, 2010) . Many laboratories have obtained very encouraging results following the introduction of a system for managing non-conformities samples under their quality approach (Rousset, 2004; Vachée and Ramon, 2004) .
Like other countries and in the field of health, Morocco was involved in a quality approach towards the end of 2006 through a partnership between the Ministry of Health and the World Health Organization (WHO). They aim to mobilize the whole staff in an effort to achieve total quality. This underlines the willingness and the major concern of Ibn Sina University Hospital (CHIS), which started in November, 2007 an ambitious program for the institutionalization of quality management at the establishments under the CHIS in general and the ISO certification 9001v2008 of its biomedical analysis laboratories in particular.
First of all, this certification demands the compliance with regulatory requirements, namely the Moroccan GBEA, a quality referential, the application of which meets the regulatory requirement related to Guide to the Correct Execution of Biomedical Analysis (Order of the ministry of health N° 2598-10 of 27th Ramadan, 7th September, 2010) . The program of quality management was proposed to CHIS Medico-Technical Services and Departments of Rabat, on one hand, by an institution circular of the Quality Management Program (Circular No. 34/07) and by a circular requiring managerial compliance to GBEA requirements, on the other hand (Circular CHI, 2007) .
The implementation of GBEA requirements facilitates the mastery of most pre, per and post analytical adverse events. GBEA specifies particularly, in Chapter III (2.1 and 2.2) compliance monitoring to be carried out regarding the collection and identification of biological samples before performing the analyses requested. While 9001v2008 ISO standard requires, in Chapter 8.3, the establishment of a procedure to detect, record and process non-conformities.
This study is a normative and regulatory assessment of non-conformities of medical bacteriology laboratory of CHIS. It is based on a systemic approach that would lead to the establishment of a reliable action plan for controlling errors in the pre-analytical phase. To achieve our goal, we have to implement development methods and appropriate deployment such as the identification of non-conformities and analyzing causes successively, assessment (FMECA process), prioritization, drafting and implementation of the Quality improvement plan (PAMQ).
MATERIALS AND METHODS

Presentation of the studied medical bacteriology laboratory of Ibn Sina Hospital
The study targeted a University Laboratory of Microbiology that serves 10 university hospitals under Ibn Sina Hospital of Rabat (CHIS) that joined a quality management program of the Moroccan Ministry of Health. This laboratory receives requests and biological samples from care hospitals and hospitalization institutions such as: Ibn Sina Hospital (ISH), Children's Hospital of Rabat (HER), Laboratories and Outpatient Clinics (EXT), ERRAZI Hospital (HEY) of Sale, Rabat Hospital of Specialties (HSR), Souissi Maternity Hospital, EL AYACHI Hospital in Sale (HAS), MOULAY YOUSSEF Hospital (HMY) of Rabat, National Institute of Oncology (INO), and National Center for Reproductive Health (NCRP). For the medical staff, it is composed of a manager who is a professor of higher education, four biological physicists, one assistant professor and internal residents. The para-medical staff consists of five engineers, 12 technicians, a head nurse, three versatile nurses and six service agents. The laboratory has two controllers. It provides analytical activities involving: Medical bacteriology, bacterial serology and the control of the hospital and food hygiene.
In 2009, the laboratory was committed to a quality approach that aimed for ISO 9001 certification in short-term and long-term accreditation. In 2011, quality cell service of bacteriology has developed a self-report diagnosis about application of Moroccan GBEA.
The different steps of the approach
During 2012, in the space of 10 months, we collected information on non-conformities identified and treated samples. The goal was to have a qualitative and quantitative identification of all nonconformities identified by well-defined criteria (Table 1) . Indeed, their management was essential for corrective actions to optimize the terms of the pre-analytical phase and thus improve the quality of service provided by the laboratory (McPherson and Dalton, 2011) . The methodology adopted in the studied bacteriology laboratory is as follows: when a malfunction is found, a datasheet of non-conformities is completed. An example of a plug of non- reference to the client, this latter is informed of the proposed adjustments. Every month, a summary of synthetic results of nonconformities are well presented to have the number and nature of each type of non-conformities relative to the total number of applications. A root cause analysis is then engaged with an assessment of the importance of failure modes and criticality of services to be engaged in the improvement of quality and identification (HAS, 2012) .
The determination of the criticality index needs to prioritize nonconformities. It is calculated as the product of the scores assigned to the frequency with the severity and the probability of detection of the anomaly (Metais, 2004; ISO 15189, 2009 ). Thereafter, preventive actions are proposed for application to prevent the recurrence of certain anomalies. Finally, the head of quality assurance monitors non-conformities and verifies that the corrective and preventive actions are effective in order to close the plug (ANAES, 2000) .
The quality tools used
Non-conformities often belong to lack of information, training, noncompliance procedures or a flaw in the organization and operation of the laboratory. To prioritize non-conformities and to identify priorities and relevance of corrective and preventive actions to be undertaken, it proved very useful to use simple tools of analysis and decision support such as Pareto chart (Cattan et al., 2008; Clément, 2006) , Ishikawa diagram (Ishikawa and Loftus,1990; Bertrand, 2001 ) and A Failure Mode, Effects and Criticality Analysis (FMECA) method (Archier, 2004) . This latter, advised by High Health Authority (HAS) especially in the evaluations of professional practices and is a strategic axis of the CHIS and meets our expectations. In this perspective, a laboratory committee named Co-LAB was created for the development and validation of grid, rating scales as well as actual risk analysis. We used Pareto chart to identify potential causes. The Ishikawa diagram has allowed us to analyze the causes and group them as a family. As for the FMECA method, it allowed us to assess the criticality index (CI) of non-conformities according to their frequency, severity and detectability:
CI = Frequency (F). Gravity (G). Detectability (D)
RESULTS
Identification and measurement of non-conformities studied
The overall rate of non-conformities identified in the year 2012 was 2.5% (310 from 12,398 samples). Since 2009, when the rate of non-conformities was 8%, we observed a significant decrease in 2012. 61% of the recorded errors concerned both the identification of biological samples and patient's identity. 29% was on conveyance and 10% on the quality and quantity of samples ( Figure  2 ). Among the causes of non-conformities relating to identification problems, it should be mainly noted that lack of identification of the sample was 29% and sometimes the discrepancy between the demand form and sample was 14% (Figure 3) . Non-conformities due to conveyance errors carries a rate of 26% and a rate of 3% for the period of transport. The laboratory receives 10% of biological samples with a discrepancy or lack of labeling and 10% with abnormal sample container (bad choice or defective tube). By studying the rate of noncompliance of the requirement, we find that it is equal to 1%. 
Root cause analysis and prioritization of the studied non-conformities
We conducted research on potential non-conformities according to Pareto law which states that 80% of nonconformities come from 20% of causes. After ranking frequencies of the possible causes of non-conformities that result in decreasing order of importance and computing their percentages and accumulation, we have plotted the Pareto diagram considering types of nonconformities recorded (Figure 4 ), hospitals ( Figure 5 ) and type of sampling ( Figure 6 ) to quickly view the priorities of action to be taken. The results show that 72 to 86% of cases of errors result from the total absence of identification of biological samples, errors of destination laboratory and identification of discrepancy between the request form and the sample. After application of the same Pareto law on these types of non-conformities, according to their distribution facility, it appears that 80% of these non-conformities identified are related to samples received from the HIS and HER with a respective distribution of 60.84 and 19.09% ( Figure 5 ). Thus, most of the non-conformities found at this institution are due to lack of identification of the sample (58 at the HIS for 89 non-compliant samples) and the discrepancy between the application form and the sample (34 at the HIS for 44 non-compliant samples at 10 hospitals).
In order to guide our actions, we sought to better understand the relationship between the rate of nonconformities and types of sampling (Chan Tche Hiong, 2012) (Figure 6 ). Results indicate that 74 to 85% of nonconformities are induced by tests of blood type, urine culture (urine cytology examination) and sputum ( Figure  6 ). Meanwhile, monthly meetings of managers and nurses' staff allowed the initiation of a global reflection and discussion on the identification of causes from Ishikawa diagram (Azzabi, 2010) (Figure 7) . A manual and reminder are developed by a working group to guide prescribers and samplers in achieving different bacteriological samples to perform analyses under optimal conditions. These documents will be distributed to guide care services and be made available on the intranet of the CHIS.
FMECA analysis process of non-conformities studied
The analysis of non-conformities recorded and the evaluation of their criticality was made by adopting the FMECA method as analysis approach of risks related to the pre-analytical phase. Thus, we have established rating scales of frequency, severity and detectability of the reported non-conformities (Tables 1 to 4) . Thereafter, a gate of criticality was made to perform a classification of the deficiencies found and define corrective and preventive shares to begin according to criticality index (Table 5 ). The results highlight three critical failures with the highest criticality index (CI). This is due to the wrong Effect of failure severity Listing Absence of the effect on the patient 1
Minimal impact on the result and / or the patient or Delay rendering of the result or the patient's treatment 2 Erroneous result and / or induction of morbidity 3
Erroneous result and / or cause of death 4 identification of biological samples and the identification of discrepancies between the tube and request form (CI = 48) and errors of destination laboratory (CI = 36).
DISCUSSION
The overall rate of non-conformities identified during this study proved that prescribers were unfamiliar with laboratory analyses in most of the time and do not apprehend more difficult pre-analytical requirements (Carolyn and Clancy, 2013) . Root cause analysis and prioritization of the studied non-conformities, according to Pareto law, showed that in the case of HIS, most of errors cases are due to total absence of identification of biological samples, errors of destination laboratory, and identification of discrepancy between the request form and the sample can be explained by the magnitude of its size and the strong flow of samples sent to its laboratory (> 10,000 annual requirements). While so, when these three cases are dealt with, 72 to 86% of non-conformities will be removed (Figure 4) . The geographic distance between HER and the laboratory of analysis influences significantly the type of non-conformities relating to destination errors (28 to 59 non-compliant samples at the HER) (Hinckley, 2003) . In light of the results, it is of paramount importance to reduce anomalies corresponding to the identification of biological samples due to errors destination laboratory and some others due to identifying discrepancies between the request form and sample especially for the blood type analysis, urinalysis and sputum at the less efficient institutions (HIS and HER). On the other hand, these elements highlight, first, caregivers' awareness of patient's identification and blood samples, urine and sputum collected in both hospitals cited. The rate of these types of non-conformities, especially their nature, can serve as an indicator and allow the establishment of comparative tables (monthly, yearly) (Open Motion Planning Library (OMPL), 2012).
Results obtained with FMECA method complete those of the Pareto chart. It turns out that these three causes of non-conformities are critical (Larrose and Le Carrer, 2006) . Indeed, any critical point must be a corrective or preventive action (Ridoux, 1999) . From these results, it can be concluded that it is imperative to consider the major non-conformities recorded related to the identification of biological samples, errors of destination laboratory and identifying discrepancies between the request form and sample, especially for blood type analysis, urinalysis and sputum, as quality indicators to follow. Thereafter, an objective statistical analysis of these indicators reinforces the determination of timely and effective improvement actions. The measurement of these non-conformities induces a good improvement process in the studied laboratory. It motivates actors, monitors the effectiveness of actions and measures gains. This will provide a good quality approach, which primarily targets monitoring of these indicators for improvement. The monitoring of these indicators can lead to their removal if these malfunctions are restored. Computers were mostly used in utilizing data already entered (Camara, 2002) .
To enable the laboratory improve its quality management plan, it is recommended that the following priority actions are undertaken:
1. The sampler personnel of HIS and HER should be informed and reminded about the good practices of biological sample (especially blood, urine and sputum) because he is responsible to identify mistaken patient identity. 2. Caregivers should be guided to solve problems related to patients' identification and sampling or its realization (blood, urine and sputum) before recording; a telephone call center could be set up in the central reception to facilitate communication between the samplers, prescribers and bacteriology laboratory. It can be supplemented by an intranet site on biological tests. These items must be irregular information treated during meetings of COLAB on pre-analytical phase. 3. The installation or label design should be reviewed and identity control of the patient in conjunction with the SIL should be implemented. The presence and consistency of labels with the correct analysis of each patient needs to be verified. 4. To address the non-conformities related to conveyance, container should be transported in a sealed and dry plastic bag, with a separate accompanying document compartment. That is, a means of information sheet to the recipient laboratory, which also mentions every incident that can occur during sampling. 5. Notifying non-conformities reception in the SIL will lead to efficiency and will allow for computer tracking of the event in the patient's file. Thus, it would be possible not only to link the non-conformities to prescribing service, but also to know the number of samples made by the service to establish the non-conformities percentage by the latter. 6. Computer applications are important because they allow the use of multiple criteria and are refined (monthly frequency of statistical analysis, the nature of nonconformities, care service, patient etc.).
After the implementation of these actions, monitoring their performance will allow to note the quality or the projected improvement. Indeed, it is essential to organize the identitovigilance (System of surveillance and prevention of errors and risks associated with the patients' identification) as part of the risk management because the quality of the identification of the patient's biological sample is an issue of safety. An American study, conducted in 2009, proved that mistaken identity El Hani et al. 9
(tube and application sheet) is one of the root causes of accidents care, even if it is not specifically identified in the various investigations of medical errors (Perrin and Morin, 2009) . Another study, done in five weeks in 2005, has extrapolated 160,000 serious adverse events related to misidentification of a biological sample with an error of 1/18 that had a serious side effect (Michel et al., 2005) . Therefore, the Joint Commission for Accreditation of Healthcare Organizations in the United States has made the identity of the patient a first priority (National Patient Safety Goals (NPSG), 2011).
Conclusion
The concept of total quality management encompasses all the steps involved in sample processing, beginning from test ordering to the final interpretation of results by the clinicians to reduce or eliminate the errors that may arise during the various steps. In the literature, we did not find a maximum rate of "non-conformities authorized" and zero error does not exist. In our experience, an improvement was noticeable during three years (2009 to 2012) . This study is concerned with non-conformities recorded in the pre-analytical phase. To ensure accountability and accuracy of results in our laboratory, the errors of preanalytical phase should be reduced through rigorous patients' identification and effective sample transport for more important improvement. So, the promotion of ideal practices for sample identification and sample transport procedures is a pre-requisite for the efficacy of laboratory functioning (especially blood, urine and sputum samples). Indeed, we carried out regular in-house training sessions for our technicians to familiarize them with the standard protocols for these specific sample processing. For this purpose, standard operating procedure for the different steps involved in the pre-analytical was developed. As often, information campaigns have a moderate range. So, they must be renewed and what is now left is to trigger actions that target training on specific needs of the laboratory. Such trainings have facilitated in the adoption of ideal practices by our laboratory personnel. The samples are thereby transported to our laboratory from the collection center by our staff following the basic precautions that must be adhered from sampling to transportation. A practice of keeping a record of the detected errors at all stages of the pre-analytical phase and then devising corrective strategies for their prevention can gradually free our laboratory from all such errors.
Our study has also established an effective communication between laboratory staff and those of service providers. However, this approach requires an investment of time to complete the survey (compilation of more than 140 sheets of abnormal sample per month). It also requires the involvement of all staff in the laboratory to be exhaustive in the sampling anomalies noted. Once this work is well-organized, it would be interesting to develop it, taking into account other criteria such as the absence of identification of the sampler, of the prescriber on the request sheet. Our aim is to improve caregivers' practice during the identification of patient's biological sample and to achieve a rate below 0.3% for nonconformities. At long-term, the ultimate goal of this approach is to obtain zero anomaly of the patient's identity (tube and sheet request). We insist on the fact that the attendance of the laboratory is essential in the monitoring of non-conformities and to trigger actions. It is essential to empower all health actors (care services, laboratories). Only an awareness of the importance of non-conformities will permit the implementation of an effective prevention and the development of practical solutions to minimize errors. Although it seems unrealistic to achieve this, it is the laboratory responsibility to do everything possible to strictly stop errors at this level.
